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BOX PCT 

IN THE UNITED STATES DESIGNATED/ELECTED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER II 

PRELIMINARY AMENDMENT A 
PRIOR TO ACTION 

APPLICANT(S): Ullrich WUNSCHE et al. 

ATTORNEY DOCKET NO.: P01 ,0281 

INTERNATIONAL APPLICATION NO: PCT/DEOO/00630 

INTERNATIONAL FILING DATE: 01 March 2000 

INVENTION: Method and Arrangement for Optimizing an Amplitude- 
Modulated Optical Signal 

Assistant Commissioner for Patents, 
Washington D.C. 20231 

Sir: 

Applicants herewith amend the above-referenced PCT application, and 
request entry of the Amendment prior to examination on the United States 
Examination Phase. 

IN THE CLAIMS: 

On amended page 6: 

replace line 1 with -WHAT IS CLAIMED IS:--; 

Please replace original claims 1-7 with the following rewritten claims 1-7, 
referring to the mark-ups in Appendix A. 

1 . (Amended) A method for optimizing an amplitude-modulated optical 
signal, comprising the steps of: 

generating said amplitude-modulated optical signal in a modulator by 
modulating an optical signal with a digital signal; 

feeding said amplitude-modulated optical signal to a frequency discriminator 
which outputs a spectral distribution signal; 

feeding said spectral distribution signal to a control device which is also fed 
an adjustable reference signal; and 

-1- 
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generating a control signal which sets an operating point of said modulator by 
comparing said adjustable reference signal and said spectral distribution signal. 

2. (Amended) The method as claimed in claim 1 , further comprising the 
step of separating a measuring signal which is fed to said frequency discriminator 
from said amplitude-modulated optical signal. 

3. (Amended) The method as claimed in claim 1 , further comprising the 
steps of: 

determining said spectral distribution signal at a start of a transmission 

path; and 

setting said reference signal based on properties of said transmission path. 

4. (Amended) The method as claimed in claim 1 , further comprising the 
steps of: 

determining said spectral distribution signal at a receiving end; and 
transmitting said spectral distribution signal or a control signal 
generated therefrom to said modulator provided at a transmitting end. 

5. (Amended) The method as claimed in claim 1 , wherein said control 
signal is obtained during periodically occurring time windows. 

6. (Amended) An arrangement for optimizing an amplitude-modulated 
optical signal, comprising: 

a light source; 

a modulator having an output, said modulator being fed an optical signal from 
said light source and a digital signal for amplitude modulation; 

a frequency discriminator which outputs a spectral distribution signal that is 
connected to said output of said modulator via a splitter; and 

a control device with a reference signal setting device which is fed said 
spectral distribution signal and which generates a control signal which controls an 
operating point of said modulator. 

-2- 
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7. (Amended) The arrangement as claimed in claim 6, further comprising 
an adder which is fed said control signal and said digital signal, an adder output 
being fed to a modulation input of said modulator. 



The present Amendment revises the specification and claims to conform to 
United States patent practice, before examination of the present PCT application in 
the United States National Examination Phase. Pursuant to 37 CFR 1.125 (b), 
applicants have concurrently submitted a substitute specification, excluding the 

10 claims, and provided a marked-up copy. Ail of the changes are editorial and 
applicant believes no new matter is added thereby. The amendment, addition, 

^ and/or cancellation of claims is not intended to be a surrender of any of the subject 

3 matter of those claims. 



5 



REMARKS 



Early examination on the merits is respectfully requested. 
Submitted by, 



Mark Bergner 
Schiff Hardin & Waite 
Patent Department 
6600 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606-6473 
(312) 258-5779 
Attorneys for Applicant 
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Appendix A 
Mark-Ups for Claim Amendments 

1 . (Amended) A method for optimizing an amplitude-modulated optical 
5 signal[ ( OSM )], fwh i c h is g e nerated l comprising the steps of: 

generating said amplitude-modulated opticai signal in a modulator["^] 
by modulating an optical signal [(OS) ]with [ the a i d of ]a digital signal [ (DS) Ji 

[ characterized] 

r in that t4^1 feeding said amplitude-modulated optical signal [(QSM) is fed ]to 
10 a frequency discriminator[-(S)] which outputs a[~^^e0tfa^dfetFfeBtlef^^i^^ 
spectral distribution signal: 

[ in that th e] [ s pectfBl-^48t4birtiefhsi§m^ [(SV) is fed l feeding said 

spectral distribution signal to a control device [(§f ]which is also fed [a]an 
adjustable reference signal["(RS)7]i and 

.45 [ i n that t hel generattng a control signal[-(SR — )] which sets [the]an operating 

5 point of [the]said modulator [ (2) is generated] by comparing [ the two signalsl said 
Q adjustable reference signal and said spectral distribution signal . 



: 3 [2r, ][The-met h od as c lai med ifi-€teim-47] 

%o [ chara c terized] 

2. fin4hatl (Amended) The method as claimed in claim 1, further 
comprising the step of separating a measuring signal [ ( O M T) ]which is fed to 

U [the] said frequency discriminator [ (5) is separated] from [the] said amplitude- 
modulated optical signal[ (QSM)]. 

lis 

3. (Amended) The method as claimed in claim \A o r 2 71 1, further 
comprising the steps of: 

[ chara c terized] 

[in that thel determining said spectral distribution signal [(S V) is 
30 determined ]at [the]a start of a transmission path[7]i and [ i n that the] 

setting said reference signal [ (RS) is s e t taking account of the l based on 
properties of [the]said transmission path[-(3^]. 



4. (Amended) The method as claimed in claim [4~ef-27l 1, further 
35 comprising the steps of: 

[ characterized] 

[ i n that the spectral distribution signal (SV)4s-detetTOmed-at 
thel determining said spectral distribution signal (SV ^at a receiving end[7]i and 
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[in that the spectral distribution signal (SV) I transmitting said m 

thaUh e spectral distribution signal or a control signal[-(SR)] generated therefrom 
[is transnnitted-jto fthel said modulator [(2)-]provided at [the]a transmitting end. 



[%~. The me tho d as c lai m ed in o ne o f the p r ece d ing cl aims^] 

[ characterized] 

5i rjn4tet4he1 f Amended) g r— The method as ciaimed in ctainn 1, 
wherein said control signal [ (SR) ] is obtained during periodically occurring time 
windows[-pp)]. 



6. (Amended) An arrangement for optimizing an amplitude-modulated 
optical signal[ (QSM)], [ h a v in g I comprising: 

a light source[ (1) and 

a modulator having an output said modulator [( 2 ) to which4hefe-afel being 
fed an optical signal [(OS) ] from [thel said light source[-(4^] and a digital signal [(DS) 
]for amplitude modulation[T]i 

[ characterized] 

[4n4hat4he]a frequency discriminator[-(&)] which outputs a spectral 
distribution signal [{SV)]that is [o©rrecte4] connected to [thejsald output of ftl^l said 
modulator[-(2)] via a splitter; [(4)7]and[ in that ] 

a control device [ (6) is provided ] with a reference signal setting device [f?) 
jwhich is fed [thejsaid spectral distribution signal[-{SV)] and which generates a 
control signal [(SRfJwhich controls [the]an operating point of [thel said modulator[ 

mi 



7. (Amended) T he arrangement as claimed in claim 6, 

[ ch a ract o riz e d ir in that ] further comprising an adder [ -i s provided] which is fed 

fthel said control signal [{SRf]and rthel said digital signal [-(OS)], [af^][4fHthat4he]an 
adder output [tel being fed to a modulation input of [thel said modulator[-(2)]. 
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GR 99 P 1324 1 
Description 

5 Method and arrangement for optimizing of an amplitude - 
modulated optical signal 

The invention relates to methods according to the 
preamble of patent claim 1, and to an arrangement 
10 according to the preamble of claim 6. 

Digital signals are frequently transmitted in optical 
networks with the aid of amplitude modulation (ASK) . A 
carrier wave is transmitted in the case of one logic 

15 state, and no signal is transmitted during the other 

logic state. As early as the modulation (on-of f ) , what 
is termed a chirp is produced in which the wavelength 
of the output signal, and also the amplitude thereof, 
are' changed. The transient component of the chirp 

20 causes large variations in the region of the edges, a 
sharp increase or decrease, [sic] in the wavelength, 
the switch-on edge being of particular importance, 
since the changes occur in the case of a full signal 
level. The other, adiabatic component of the chirp can 

25 be kept small by a suitable design of the modulator. 

During transmission of the pulse in a waveguide (glass 
fiber) , self -phase modulation of the carrier occurs, 
this being a further form of the chirp, in which the 
30 wavelength changes likewise particularly in the leading 
edge region and trailing edge region of the pulse. 
Amplitude distortions can occur, in addition. 
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The two wavelength distortions, the transient component 
5 of the chirp induced by switching on, and the self- 
phase modulation result in pulse distortion of the 
baseband signal which, particularly in the case of 
transmission systems with high bit rates, contribute to 
limiting the data rate and the transmission range. 

10 

An attempt is usually made to minimize the chirp- 
induced disturbing influences by setting operating 
points of Mach-Zehnder modulators or integrated 
electro-absorption modulators in the test bay. However, 
15 reset tings must be undertaken when changes occur to the 
operating parameters. 

GB 2 3 08 675 A discloses an arrangement and a method 
for driving an optical modulator. The printed 
20 publication describes the setting of a chirp parameter. 
Monitoring the modulated signal is performed at the 
receiving end, in order to set the chirp parameters via 
a back channel for pulse compression. 

25 GB 2 316 821 A describes an optical time-division 
multiplex 'system which compensates the chromatic 
dispersion of the transmission path by means of 
controlled chirping of the transmitted signal. 
Monitoring of the modulated signal is not provided. 

30 

From [sic] the earlier application EP 0 971 493 Al 
likewise describes a method for compensating dispersion 
and nonlinearities in optical communication systems. In 
this system, however, it is, for example, the error 
35 rate which is measured and the transmission level which 
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is controlled as parameters. Both measures do not 
appear to be expedient in modern optical systems. 

5 

It is therefore the object of the invention to specify 
a method and an arrangements [sic] for permanent 
optimization of the pulse shape/spectral distribution 
of an amplitude -modulated optical signal, particularly 
10 taking account of the modulation- induced chirp and the 
self -phase modulation in optical transmission systems. 

Achievements of this object are specified in the 
independent claims. Advantageous developments of the 
15 invention are specified in the subclaims. 

The measures according to the invention consist in 
using quality criteria for optimal modulation of the 
optical signal to set the operating point of the 
20 modulator and to maintain the optimum setting by means 
of a control loop. 

An advantageous and simple solution is to derive a 
measuring signal from the modulated optical digital 
25 signal and feed it to a frequency discriminator. The 
output signal of the latter is - [sic] led via a 
control device - [sic] which determines the operating 
point of the modulator. 

30 If the measuring signal is tapped at the receiving end, 
the properties of the transmission path can be taken 
into account by means of an adjustable reference 
signal . The output signal of the modulator is set so as 
to produce an optimal received signal. 
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If a back channel, as a rule a service channel, is 
available, a measuring signal can be tapped from the 
5 baseband signal and evaluated. The spectral 

distribution signal output by a phase discriminator, or 
a control signal generated therefrom will be 
transmitted to the source of the signal, the modulator. 

10 The invention is explained in more detail with the aid 
of an exemplary embodiment. 

In the drawing: 

15 Figure 1 shows a first exemplary embodiment with 
spectral appraisal . 

Figure 1 shows a first exemplary embodiment of a 
control loop for optimizing the modulation- induced 

20 chirp. The block diagram shows only modules essential 
to the invention. A laser provided as a narrow-band 
light source 1 supplies an optical signal OS of high 
frequency, which is fed to a modulator 2 . The latter is 
submitted to amplitude modulation by means of a digital 

25 signal DS (on~off keying) . The modulated optical signal 
OSM, output by the modulator, is fed into an optical 
conductor of a transmission path 3 and trainsmitted . A 
measuring signal OMT of low power is tapped from the 
modulated signal via a splitter (coupler) 4 and fed to 

30 a frequency discriminator 5. The latter can include, 

for example, an optical filter whose edge, which is as 
rectilinear as possible, is used for frequency 



AMENDED SHEET 



GR 99 P 1324 



5 



demodulation. The demodulated optical signal is 
converted into an electric spectral distribution signal 
5 SV and fed to a control device 6. The latter is fed as 
reference input an adjustable reference signal RS which 
is generated via a reference setting device 7, a 
voltage divider in the example. The control device 
supplies as manipulated variable a control signal SR 
10 which sets the operating point of the modulator and 

thereby optimizes the transient chirp of the modulated 
optical signal even in the case of changes in the 
component properties. 

15 An optimum setting is given when the receive signal is 
optimal. A measurement at the receiving end is actually 
required for this purpose. However, a compact 
replacement transmission path used for the setting 
likewise permits an exact setting. The spectral 

20 distribution signal serves as criterion during setting. 
A specific envelope of the modulated signal corresponds 
to this criterion, and can likewise serve as criterion. 

If the properties of the transmission path are known, 
25 they are already taken into account during setting, and 
the spectral distribution (or a pulse shape) is set so 
as to produce optimal receiving conditions • 

Since the spectral distribution signal SV can be weakly 
30 dependent on the on the [sic] bit sequence of the 
digital signal ^ it can be expedient to have a time 
window ZF during which specific bit sequences are 
transmitted and the control signal is determined. 
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It remains to add that the control signal RS and the 
digital signal can be combined by an adder, and the 
5 aggregate signal is then fed to the modulation input of 
the modulator. 



As in the arrangement illustrated in figure 1, it is 
also possible, of course, to appraise the spectral 
10 distribution of a modulated optical signal at the 

receiving end, and a corresponding spectral distribu- 
tion signal or else the control signal derived 
therefrom is transmitted [sic] to the transmitting 
part . 
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DS Digital signal 

DD Demodulated digital signal 

1 Laser 



2 



Modulator 



3 



Optical conductor 
Splitter 



4 



5 



Discriminator 



6 



Control device 



7 


Reference setting device 


RS 


Reference signal 


OS 


Optical signal 


OSM 


Amplitude -modulated optical signal 


OMT 


Measuring signal 


SV 


Spectral distribution signal 


SF 


Control signal 


ZF 


Time window 


8 


Summing device 


9 


Receiving device 


10 


Optoelectric transducer 


11 


Amplifier 


12 


Decision circuit 


13 


Data output 


14 


Measuring instrument appraising devi 


15 


Evaluation device 


16 


Controller 


17 


Modulation input 


18 


Transmitting device 


19 


Receiving device 


SE 


Setting signal 
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5 1. A method for optimizing an amplitude-modulated 

optical signal (OSM) , which is generated in a modulator 
(2) by modulating an optical signal (OS) with the aid 
of a digital signal (DS) , 
characterized 

10 in that the amplitude-modulated optical signal 

(OSM) is fed to a frequency discriminator (5) which 
outputs a spectral distribution signal (SV) , 

in that the spectral distribution signal (SV) is 
fed to a control device (6) which is also fed a 
15 adjustable reference signal (RS) , and 

in that the control signal (SR ) which sets 

the operating point of the modulator (2) is generated 
by comparing the two signals, 

20 2, The method as claimed in claim 1, 
characterized 

in that a measuring signal (OMT) which is fed to 
the frequency discriminator (5) is separated from the 
amplitude-modulated optical signal (OSM) . 

25 

3, The method as claimed in claim 1 or 2, 
charact eri zed 

in that the spectral distribution signal (SV) is 
determined at the start of a transmission path, and in 
30 that the reference signal (RS) is set taking account of 
the properties of the transmission path (3) . 

4. The method as claimed in claim 1 or 2, 
charact eri zed 

35 in that the spectral distribution signal (SV) is 

determined at the receiving end, and 
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in that the spectral distribution signal (SV) or a 
control signal (SR) generated therefrom is transmitted 
5 to the modulator (2) provided at the transmitting end, 

5. The method as claimed in one of the preceding 
claims, 

characterized 

10 in that the control signal (SR) is obtained during 

periodically occurring time windows (ZF) . 

6. An arrangement for optimizing an amplitude- 
modulated optical signal (OSM) , having a light source 

15 (1) and a modulator (2) to which there are fed an 

optical signal (OS) from the light source (1) and a 
. digital signal (DS) for amplitude modulation, 
characterized 

in that the frequency discriminator (5) which 
20 outputs a spectral distribution signal (SV) is 

corrected to the output of the modulator (2) via a 
splitter (4) , 

and in that a control device (6) is provided with 
a reference signal setting device (7) which is fed the 
25 spectral distribution signal (SV) and which generates a 
control signal (SR) which controls the operating point 
of the modulator (2) . 

7. The arrangement as claimed in claim 6, 
30 characterized 

in that an adder is provided which is fed the 
control signal (SR) and the digital signal (DS) , and 

in that the adder output is fed to a modulation 
input of the modulator (2) . 
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[ Abot ract] 

[ Method and arrangcmcHt: fo r ■■ optimiging the pulQO ohapc of an 
amplitude modul a ted opti e al oignal ] ABSTRACT 

The influences on transmission quality caused by 

chirp and self-phase modulation are at least largely 

corrected by [ mcana ] way of an optimally set operating 

point of the modulator (2) . Suitable criteria are 

obtained in control loops in order to maintain the 

optimal setting. 

[ Figure 1 ] 



[ Dcacription ] SPECIFICATION 

[ Method and arrangement for optimizing of an amplitude 
modulated optical oignal ] 

TITLE 

METHOD AND ARRANGEMENT FOR OPTIMIZING AN AMPLITUDE -MODULATED 

OPTICAL SIGNAL 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention relates to [ methodo aeeording to the 
preamble of patent claim 1, and to ] a method and arrangment 
for optimizing an [ arrangement according to the preamble of 
claim (S J amplitude-modulated optical signals 

Description of the Related Art 

[0002] Digital signals are frequently transmitted in 
optical networks with the aid of amplitude modulation (ASK) . 
A carrier wave is transmitted in the case of one logic 
state, and no signal /carrier wave is transmitted during the 
other logic state, [ Ad early gg ] Early in the modulation (on- 
of f ) , [ what ia termed ] a ^l^hirp^ is produced [i^] which 
changes the wavelength and amplitude of the output signal [- 
and aloo the amplitude thereof, arc changed ] . The transient 
component of the chirp causes large variations in the 
f region of the edgoo ] edge regions , and a sharp increase or 
decrease [-7 — [eic] ] in the wavelength [-] £ the switch-on edge 
[ being ] is of particular importance [-] since the changes 
occur in the case of a full signal level. The other [-1 
adiabatic component of the chirp can be kept small by a 
suitable design of the modulator. 

[0003] During transmission of [^fe*be] a pulse in a waveguide 
(glass fiber) , self-phase modulation of the carrier 
occurs [-] _£this being a further form of the chirp [-])_ in 
which the wavelength changes likewise_^ particularly in the 



leading edge region and trailing edge region of the pulse. 
[ Amplitude ] Also, air^litude distortions can occur — ia 
addit i on ] . 

[0004] The two wavelength distortions, including the 
transient component of the chirp induced by switching on, 
and the self-phase modulation result in pulse distortion of 
the baseband signal [ which ] , contribute (p art icular ly in the 
case of transmission systems with high bit rates [y- 
Qontributc ] 2, to limiting the data rate and the transmission 
range . 

[0005] An attempt is usually made to minimize the chirp- 
induced disturbing influences by setting operating points of 
Mach-Zehnder modulators or integrated electro-absorption 
modulators in [the] a test bay. However, resettings must be 
undertaken when changes occur to the operating parameters. 

[0006] British patent document GB 2 308 675 A discloses 
an arrangement and a method for driving an optical 
modulator — The printed publication ] and describes the 
setting of a chirp parameter [-; — Monitoring ] where monitoring 
the modulated signal is performed at the receiving endL-] in 
order to set the chirp parameters via a back channel for 
pulse compression. 

[0007] British patent document GB 2 316 821 A describes 
an optical time-division multiplex system which compensates 
the chromatic dispersion of the transmission path by means 
of controlled chirping of the transmitted signal . Monitoring 
of the modulated signal is not provided. 

[0008] [ From [oic] — the earlier ] Earlier European patent 

application EP 0 971 493 Al likewise describes a method for 
compensating dispersion and nonlinearities in optical 
communication systems. In this system, however, it is, for 
example, the error rate which is measured and the 
transmission level which is controlled as parameters. Both 



measures do not appear to be expedient in modern optical 
systems . 

SUMMARY OF THE INVENTION 
[0009] It is therefore the object of the invention to 
[ apccif y ] provide a method and an [ arrangement a 
[oic] ] arrangement: for permanent optimization of the pulse 
shape/spectral distribution of an amplitude-modulated 
optical signal, particularly taking omtp account [—ef-] the 
modulation- induced chirp and the self-phase modulation in 
optical transmission systems. 

[0010] Achievements of this object are specified in the 
independent claims. Advantageous developments of the 
invention are specified in the subclaims. 

[0011] This object is achieved by a method for optimizing 

an amplitude -modulated optical signal, comprising the steps 
of generating the amplitude-modulated optical signal in a 
modulator by modulating an optical signal with a digital 
signal; feeding the amplitude -modulated optical signal to a 
frequency discriminator which outputs a spectral 
distribution signal; feeding the spectral distribution 
signal to a control device which is also fed an adjustable 
reference signal; and generating a control signal which sets 
an operating point of the modulator by comparing the 
adjustable reference signal and the spectral distribution 
signal. The inventive method may further comprise the step 
of separating a measuring signal which is fed to the 
frequency discriminator from the amplitude-modulated optical 
signal. The method may further comprise the steps of 
determining the spectral distribution signal at a start of a 
transmission path; and setting the reference signal based on 
properties of the transmission path. The method may further 
comprise the steps of determining the spectral distribution 
signal at a receiving end; and transmitting the spectral 



distribution signal or a control signal generated therefrom 
to the modulator provided at a transmitting end* The 
control signal may be obtained during periodically occurring 
time windows* 

[0012] This object is also achieved by an arrangement for 

optimizing an amplitude -modulated optical signal ^ comprising 
a light source; a modulator having an output, the modulator 
being fed an optical signal from the light source and a 
digital signal for amplitude modulation; a frequency 
discriminator which outputs a spectral distribution signal 
that is connected to the output of the modulator via a 
splitter; and a control device with a reference signal 
setting device which is fed the spectral distribution signal 
and which generates a control signal which controls an 
operating point of the modulator. The arrangement may 
further comprise an adder which is fed the control signal 
and the digital signal, an adder output being fed to a 
modulation input of the modulator* 

[0013] The measures according to the invention consist 
[•i«:]of using quality criteria for optimal modulation of the 
optical signal to set the operating point of the modulator 
and [ to maintain ] maintaining the optimum setting by 
[ mcQng ] way of a control loop. 

[0014] An advantageous and simple solution is to derive a 
measuring signal from the modulated optical digital signal 
and feed it to a frequency discriminator- The output signal 

of the [ latter io [aic] — 3red] frequency discriminator is 

transmitted via a control device [ [oic] ] which determines 

the operating point of the modulator. 

[0015] If the measuring signal is tapped at the receiving 

end, the properties of the transmission path can be taken 
into account [ by means of ] via an adjustable reference 



signal. The output signal of the modulator is set so as to 
produce an optimal received signal. 

[00163 If a back channel [7-] _(as a rule_j_ a seirvice 
channel [7-] 2_ is available, a measuring signal can be tapped 
from the baseband signal and evaluated. The spectral 
distribution signal output by a phase discriminator, or a 
control signal generated therefrom^ will be transmitted to 
the source of the signal, i.e^ the modulator. 

BRIEF DESCRIPTION OF THE DRAWING 
[0017] The invention is explained in more detail with the 
aid of an exemplary embodiment. The Figure is a schematic 
block diagram showing Figurc 1 ahowa a first exemplary 
embodiment with spectral appraisals 

[ In tho ' drawing! ] 

[ Figure 1 Ghowa ] [ a first exemplary ' embodiment with opectral 
appraigal . ] 

DETAILED DESCRIPTION OF THE INVENTION 
[0018] The Figure [-^i] shows a first exemplary embodiment 
of a control loop for optimizing the modulation- induced 
chirp. The block diagram shows only the m odules essential to 
the invention. A laser provided as a narrow-band light 
source 1 supplies an optical signal OS of high frequency, 
which is fed' to a modulator 2. The [ latter ] optical signal is 
[ subm i tted ] s-ubjected to amplitude modulation by [ mea ns] way 
of a digital signal DS (on-of f keying) . The modulated 
optical signal GSM, output by the modulator, is fed into an 
optical conductor of a transmission path 3 and transmitted. 
A measuring signal OMT of low power is tapped from the 
modulated signal via a splitter (coupler) 4 and fed to a 
frequency discriminator 5. The [ latter ] fequency 
discriminator can include, for example, an optical filter 
whose edge, which is as rectilinear as possible, is used for 
frequency demodulation. [ The demodulated optical oignal io 



converted into an clcctria apcctral diotribution nignal CV 
and fed to a control device G. The ] [ latter ia fed ao 
rcfcrcnGO input ] [ an adjuotablo refGronce oignal RG ] [which 
] [ ia generated via a reference getting device ] [^^h—] [et 
voltage divider in the example ] [ . The control device 

oupplics ] [ae] [ manipulated variable a control aignal GR 

which oota the operating point of the modulator and thereby 
optimizco the tranaient chirp of the modulated optical 
oignal even in the caoo of changca in the component 
propcrtlco . ] 

t00193 The demodulated optical signal is converted into 
an electric spectral distribution signal SV and fed to a 
control device 6. The latter io fed aa reforoncG 
ji^^p ^spectral distribution signal SV is fed as a reference 
input; an adjustable reference signal RS which is generated 
via a reference setting device (a voltage divider in 

the example) . The control device supplies ^as a manipulated 
variable a control signal SR which sets the operating point 
of the modulator and thereby optimizes the transient chirp 
of the modulated optical signal even in the case of changes 
in the component properties^ 

[0020] An optimum setting is given when the receive 
signal is optimal. A measurement at the receiving end is 
actually required for this purpose. However, a compact 
replacement transmission path used for the setting likewise 
permits an exact setting. The spectral distribution signal 
serves as a criterion during setting. A specific envelope of 
the modulated signal corresponds to this criterion, and can 
likewise serve as a criterion. 

[0021] If the properties of the transmission path are 
known, they are already taken into account during setting, 
and the spectral distribution (or a pulse shape) is set so 
as to produce optimal receiving conditions. 



10022] Since the spectral distribution signal SV can be 
weakly dependent on the [ on the [oic] ] bit sequence of the 
digital signal, it can be expedient to have a time window ZF 
during which specific bit sequences are transmitted and the 
control signal is determined. 

[0023] [ It rcmaino to add that the ] The control signal RS 

and the digital signal can be combined by an adder, and the 
aggregate signal is then fed to the modulation input of the 
modulator. 

[0024] As in the arrangement illustrated in 
[ figure ] Figure 1, it is also possible, of course, to 
appraise the spectral distribution of a modulated optical 
signal at the receiving end, and a corresponding spectral 
distribution signal or else the control signal derived 
therefrom [ is tranomittcd — F-&jref] may be provided to the 
transmitting part. 

[0025] The above- described method and apparatus are 

illustrative of the principles of the present invention^ 
Numerous modifications and adaptations will be readily 
apparent to those slcilled in this art without departing from 
the spirit and scope of the present invention. 
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SPECIFICATION 
TITLE 

METHOD AND ARRANGEMENT FOR OPTIMIZING AN AMPLITUDE -MODULATED 

OPTICAL SIGNAL 

5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
[0001] The invention relates to a method and arrangment 
for optimizing an amplitude -modulated optical signal. 

DESCRIPTION OF THE RELATED ART 
10 [0002] Digital signals are frequently transmitted in 

optical networl^s with the aid of amplitude modulation (ASK) , 
A carrier wave is transmitted in the case of one logic 
state, and no signal/carrier wave is transmitted during the 
other logic state. Early in the modulation (on-of f ) , a 
15 ''chirp" is produced which changes the wavelength and 

amplitude of the output signal. The transient component of 
the chirp causes large variations in the edge regions, and a 
sharp increase or decrease in the wavelength; the switch-on 
edge is of particular importance since the changes occur in 

2 0 the case of a full signal level. The other adiabatic 

component of the chirp can be kept small by a suitable 
design of the modulator. 

[0 0 03] During transmission of a pulse in a waveguide 
(glass fiber) , self-phase modulation of the carrier occurs 
25 (this being a further form of the chirp) in which the 

wavelength changes likewise, particularly in the leading 
edge region and trailing edge region of the pulse. Also, 
amplitude distortions can occur. 

[0004] The two wavelength distortions, including the 

3 0 transient component of the chirp induced by switching on, 

and the self -phase modulation result in pulse distortion of 
the baseband signal, contribute (particularly in the case of 
transmission systems with high bit rates) to limiting the 
data rate and the transmission range. 
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[0005] An attempt is usually made to minimize the chirp- 
induced disturbing influences by setting operating points of 
Mach-Zehnder modulators or integrated electro-absorption 
modulators in a test bay. However, resettings must be 
5 undertaken when changes occur to the operating parameters. 

[0006] British patent document GB 2 308 675 A discloses 
an arrangement and a method for driving an optical modulator 
and describes the setting of a chirp parameter where 
monitoring the modulated signal is performed at the 
10 receiving end in order to set the chirp parameters via a 
back channel for pulse compression. 

[0007] British patent document GB 2 316 821 A describes 
an optical time-division multiplex system which compensates 
the chromatic dispersion of the transmission path by means 
15 of controlled chirping of the transmitted signal. Monitoring 
of the modulated signal is not provided. 

[0008] Earlier European patent application 

EP 0 971 4 93 Al likewise describes a method for compensating 
dispersion and nonlinearities in optical communication 
2 0 systems. In this system, however, it is, for example, the 
error rate which is measured and the transmission level 
which is controlled as parameters. Both measures do not 
appear to be expedient in modern optical systems. 

SUMMARY OF THE INVENTION 
25 [0009] It is therefore the object of the invention to 
provide a method and an arrangement for permanent 
optimization of the pulse shape/spectral distribution of an 
amplitude-modulated optical signal, particularly taking omtp 
account the modulation- induced chirp and the self-phase 
30 modulation in optical transmission systems. 

[0010] Achievements of this object are specified in the 
independent claims. Advantageous developments of the 
invention are specified in the subclaims. 
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[0011] This object is achieved by a method for optimizing 
an amplitude-modulated optical signal, comprising the steps 
of generating the amplitude -modulated optical signal in a 
modulator by modulating an optical signal with a digital 
signal; feeding the amplitude-modulated optical signal to a 
frequency discriminator which outputs a spectral 
distribution signal; feeding the spectral distribution 
signal to a control device which is also fed an adjustable 
reference signal; and generating a control signal which sets 
an operating point of the modulator by comparing the 
adjustable reference signal and the spectral distribution 
signal. The inventive method may further comprise the step 
of separating a measuring signal which is fed to the 
frequency discriminator from the amplitude -modulated optical 
signal. The method may further comprise the steps of 
determining the spectral distribution signal at a start of a 
transmission path; and setting the reference signal based on 
properties of the transmission path. The method may further 
comprise the steps of determining the spectral distribution 
signal at a receiving end; and transmitting the spectral 
distribution signal or a control signal generated therefrom 
to the modulator provided at a transmitting end. The 
control signal may be obtained during periodically occurring 
time windows . 

[0012] This object is also achieved by an arrangement for 
optimizing an amplitude-modulated optical signal, comprising 
a light source; a modulator having an output, the modulator 
being fed an optical signal from the light source and a 
digital signal for amplitude modulation; a frequency 
discriminator which outputs a spectral distribution signal 
that is connected to the output of the modulator via a 
splitter; and a control device with a reference signal 
setting device which is fed the spectral distribution signal 
and which generates a control signal which controls an 
operating point of the modulator. The arrangement may 
further comprise an adder which is fed the control signal 
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and the digital signal, an adder output being fed to a 
modulation input of the modulator. 

[0013] The measures according to the invention consist of 
using quality criteria for optimal modulation of the optical 
signal to set the operating point of the modulator and 
maintaining the optimum setting by way of a control loop. 

[0014] An advantageous and simple solution is to derive a 
measuring signal from the modulated optical digital signal 
and feed it to a frequency discriminator. The output signal 
of the frequency discriminator is transmitted via a control 
device which determines the operating point of the 
modulator . 

[0015] If the measuring signal is tapped at the receiving 
end, the properties of the transmission path can be taken 
into account via an adjustable reference signal. The output 
signal of the modulator is set so as to produce an optimal 
received signal. 

[0016] If a back channel (as a rule, a service channel) 
is available, a measuring signal can be tapped from the 
baseband signal and evaluated. The spectral distribution 
signal output by a phase discriminator, or a control signal 
generated therefrom, will be transmitted to the source of 
the signal, i.e., the modulator. 

BRIEF DESCRIPTION OF THE DRAWING 
[0017] The invention is explained in more detail with the 
aid of an exemplary embodiment. The Figure is a schematic 
block diagram showing a first exemplary embodiment with 
spectral appraisal . 

DETAILED DESCRIPTION OF THE INVENTION 
[0 018] The Figure shows a first exemplary embodiment of a 
control loop for optimizing the modulation- induced chirp. 
The block diagram shows only the modules essential to the 
invention. A laser provided as a narrow-band light source 1 
supplies an optical signal OS of high frequency, which is 
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fed to a modulator 2. The optical signal is subjected to 
amplitude modulation by way of a digital signal DS (on-off 
keying) . The modulated optical signal OSM, output by the 
modulator, is fed into an optical conductor of a 
5 transmission path 3 and transmitted. A measuring signal OMT 
of low power is tapped from the modulated signal via a 
splitter (coupler) 4 and fed to a frequency discriminator 5. 
The fequency discriminator can include, for example, an 
optical filter whose edge, which is as rectilinear as 
10 possible, is used for frequency demodulation. 

[0019] The demodulated optical signal is converted into 
an electric spectral distribution signal SV and fed to a 
control device 6, The spectral distribution signal SV is fed 
as a reference input; an adjustable reference signal RS is 

15 generated via a reference setting device 7 (a voltage 

divider in the example) . The control device supplies as a 
manipulated variable a control signal SR which sets the 
operating point of the modulator and thereby optimizes the 
transient chirp of the modulated optical signal even in the 

20 case of changes in the component properties. 

[0020] An optimum setting is given when the receive 
signal is optimal. A measurement at the receiving end is 
actually required for this purpose. However, a compact 
replacement transmission path used for the setting likewise 
25 permits an exact setting. The spectral distribution signal 

serves as a criterion during setting. A specific envelope of 
the modulated signal corresponds to this criterion, and can 
likewise serve as a criterion. 

[0021] If the properties of the transmission path are 
3 0 known, they are already taken into account during setting, 
and the spectral distribution (or a pulse shape) is set so 
as to produce optimal receiving conditions. 

[0022] Since the spectral distribution signal SV can be 
weakly dependent on the bit sequence of the digital signal, 
3 5 it can be expedient to have a time window ZF during which 
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specific bit sequences are transmitted and the control 
signal is determined. 

[0023] The control signal RS and the digital signal can 
be combined by an adder, and the aggregate signal is then 
5 fed to the modulation input of the modulator. 

[0024] As in the arrangement illustrated in Figure 1, it 
is also possible, of course, to appraise the spectral 
distribution of a modulated optical signal at the receiving 
end, and a corresponding spectral distribution signal or 
10 else the control signal derived therefrom may be provided to 
the transmitting part. 

[0025] The above-described method and apparatus are 
illustrative of the principles of the present invention. 
Numerous modifications and adaptations will be readily 
15 apparent to those slcilled in this art without departing from 
the spirit and scope of the present invention. 
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List of reference symbols 





DS 


Digital signal 




DD 


Demodulated digital signal 




1 


Laser 


5 


2 


Modulator 




3 


Optical conductor 




4 


Splitter 




5 


Discriminator 




6 


Cont rol devi ce 


10 


7 


Reference setting device 




RS 


Reference signal 




OS 


Optical signal 




OSM 


Amplitude -modulated optical signal 




OMT 


Measuring signal 


15 


sv 


Spectral distribution signal 




SF 


Cont rol si gna 1 




ZF 


Time window 




8 


Summing device 




9 


Receiving device 


20 


10 


Optoelectric transducer 




11 


Amplifier 




12 


Decision circuit 




13 


Data output 




14 


Measuring instrument appraising device 


25 


15 


Evaluation device 




16 


Controller 




17 


Modulation input 




18 


Transmitting device 




19 


Receiving device 


30 


SE 


Setting signal 
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List of reference symbols 



DS 


Digital signal 


DD 


Demodulated digital signal 


1 


Laser 


2 


Modulator 


3 


Optical conductor 


4 


Splitter 


5 


Discriminator 


6 


Control device 


7 


Reference setting device 


RS 


Re f erence s ignal 


OS 


Optical signal 


OSM 


Amplitude -modulated optical signal 


OMT 


Measuring signal 


SV 


Spectral distribution signal 


SF 


Control signal 


ZF 


Time window 


8 


Summing device 


9 


Receiving device 


10 


Optoelectric transducer 


11 


Amplifier 


12 


Decision circuit 


13 


Data output 


14 


Measuring instrument appraising device 


15 


Evaluation device 


16 


Controller 


17 


Modulation input 


18 


Transmitting device 


19 


Receiving device 


SE 


Setting signal 



ABSTRACT 

The influences on transmission quality caused by chirp 
and self -phase modulation are at least largely corrected by 
way of an optimally set operating point of the modulator 
(2) . Suitable criteria are obtained in control loops in 
order to maintain the optimal setting. 
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Erklarung Fur Patentanmeldungen Mit Vollmacht 

German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehdrigkeit den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprOngliche, 
erste und alleinige Erfinder (falls nachstehend nur ein 
Name angegeben ist) oder ein ursprunglicher, erster 
und Miterfinder (fails nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 

Verfahren und Anordnunq zur Optimierung 
der Impulsfortn eines amplitudenmodulierten 
optischen Signals 



deren Beschreibung 

(zutreffendes ankreuzen) 
El hier beigefugt ist. 

□ 



am 



als 



PCT internationale Anmeldung 

PCT Anmeldungsnummer 

Eingereicht wurde und am . 



Abgeandert wurde (falls tatsachlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung Irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 



Ich beanspruche hiermit auslandische Prioritatsvor- 
teile gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 ailer unten ange- 
gebenen Auslandsanmeldungen fQr ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmeide- 
datum haben, das vor dem Anmeldedatum der An- 
meldung liegt, fur die Prioritat beansprucht wird. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if 
only one name is listed below) or an original, first and 
joint inventor (if piural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



the specification of which 

(check one) 

s attached hereto. 
□ was filed on 



as 



PCT international application 

PCT Application No. 

and was amended on 



(if applicable) 



f hereby state that I have reviewed and understand the 
contents of the above identified specification, inclu- 
ding the claims as amended by any amendment refer- 
red to above. 



1 acknowledge the duty to disclose information which 
is material to the examination of this application in 
accordance with Title 37, Code of Federal Regula- 
tions, §1. 56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and 
have also identified below any foreign application for 
patent or inventor's certificate having a filing date 
before that of the application on which priority is clai- 
med: 
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Form PTO-FB-240 (8-83) 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



German Language Declaration 


Prior foreign appplications 
Prioritat beansprucht 


Prioritv Claimed 


19908813.6 Germanv 01. Marz 1999 


El □ 


(Number) (Country) (Day Month Year Filed) Yes No 
(Nunnnner) (Land) (Tag Monat Jahr eingereicht) Ja Nein 




□ □ 


(Number) (Country) (Day Month Year Filed) Yes No 
(Nummer) (Land) (Tag Monat Jahr eingereicht) Ja Nein 




□ □ 


(Number) (Country) (Day Month Year Filed) Yes No 
(Nummer) (Land) (Tag Monat Jahr eingereicht) Ja Nein 


!ch beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem An- 
spruch dieser Anmeldung nicht in einer fruheren ame- 
rikanischen Patentanmeldung laut dem ersten Para- 
graphen des Absatzes 35 der Zivilprozeliordnung der 
Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pfllcht zur Offenbarung von 
Informationen an, die zwischen dem Anmeidedatum 
der frOheren Anmeldung und dem nationaien oder 
PCT internationalen Anmeidedatum dieser Anmel- 
dung bekannt geworden sind. 


! hereby claim the benefit under Title 35. United Sta- 
tes Code. §120 of any United States application(s) 
listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the 
prior United States application in the manner provided 
by the first paragraph of Title 35, United States Code, 
§122, i acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1, 56(a) which occured between the 
filing date of the prior application and the national or 
PCT international filing date of this application. 


(Application Serial No.) (Filing Date) 
(Anmeldeserien nummer) (Anmeidedatum) 


(Status) (Status) 
(patentiert, a n ha n gig, (patented, pending, 
aufgegeben) abandoned) 


(Application Serial No.) (Filing Date) 
(Anmeldeserien nummer) (Anmeidedatum) 


(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
aufgeben) abandoned) 


Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf ertellten Patentes gefahrden konnen. 


1 hereby declare that all statements made herein of 
my own knowledge are true and that all statements 
made on information and belief are believed to be 
true, and further that these statements were made 
with the knowledge that willful false statements and 
the like so made are punishable by fine or impnson- 
ment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false state- 
ments may jeopardize the validity of the application or 
any patent issued thereon. 
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D-81476 Munchen, Germany 



Staatsangehorigkeit 

Bundesrepubilk Deutschland 



Postanschrift 

Filchnerstr. 74 



D-81476 Munchen 
Bundesrepublik Deutschland 



Vdier Name des zweiten Miterfinders (falls zutrefFend): 

^%feoBSTER, Waiter 



Unterscli^rift des Erfinder^^ 



Datum 



Wohnsitz 



D-81545jy[unchen Germany 



staatsangehorigkeit 



Bundesrepublik Deutschland .J^-H^ 



Postanschrift 



Menterschwaigstr. 14 



D-81545 Munchen 
Bundesrepublik Deutschland 



Full name of sole or first inventor: 



Inventor's signature 



Date 



Residence 



Citizenship 



Post Office Addess 



Full name of second joint inventor, if any: 



Second Inventor's signature 



Date 



Residence 



Citizenship 



Post Office Address 



(Bitte entsprecfiende Informatlonen und Unterschriften im 
Faiie von dritten und weiteren Miterfindern angeben). 



(Supply similar information and signature for third and 
subsequent Joint inventors). 
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